Beyond the economic cost-benefit analysis of incorporating pharmacogenomics into the process of drug development, it is time for the players in the industry to begin considering the long-term potential legal liabilities that may arise, and to undertake a legal analysis to identify and avoid those risks to the greatest possible extent. The current economic model being considered for pharmacogenomics technologies fails to take this legal risk into consideration, and therefore does not provide a complete picture of the incentives and disincentives of entering into this space. However, the more evenly weighted balance of all of the economic interests -costs, benefits and risks -can be tipped into the positive through effective partnering relationships between the pharmaceutical and diagnostic industries, and the diagnostic industry and pharmacy benefit managers. Such relationships will provide companies not only with needed economic incentives, but also with added protection from the potential future legal liabilities.
While there are compelling health benefits to be gained from the incorporation of pharmacogenomics (PGx) into the process of drug development, the current economic model and lack of government regulations do not provide the needed incentives and protections to drive players into the market. Furthermore, stakeholders are at present only considering the cost-benefit analysis of entering the market, which does not provide a true calculation of the likely rewards.
To that current paradigm, companies must also consider the potential for PGx to raise the risk of legal liability. While litigation directly addressing the legal standard to which a manufacturer will be held who uses PGx technologies in the drug-development process has not yet arisen, it is only a matter of time before it does. This is especially true if a patient suffers an adverse drug reaction (ADR) from the use of a drug that should have been contraindicated based on the patient's genotype, or a contraindication is present without the means to identify if the patient possesses the specific polymorphism at risk.
While the potential legal liabilities seemingly put any ultimate economic benefits of entering the market at risk, it is possible to create effective partnering relationships that will actually tip the balance of the calculation of these three variables -costs, benefits and risks -into the positive. These partnerships will accomplish that by driving down the costs of entering into the market and by providing management of the potential litigation liabilities, ultimately making entering the personalized medicine market a more economically secure endeavor.
Background

Pharmacogenomics: hype versus hope
PGx is truly changing the entire landscape of both the pharmaceutical industry and the practice of medicine. However, the hype and hope surrounding personalized medicine has made this next logical step in scientific development something of a misnomer and has, to a certain extent, burdened it with unrealistic expectations. The practice of medicine has always been 'personal', with a doctor considering each individual patient's symptoms and disease state in light of family and personal history in combination with the most current state of medical knowledge. The 'revolution' that is the family of PGx studies -both the definition and understanding of the significance of genetic variations that govern individual responses to drugs as well as the ability to more accurately predict the future likelihood of contracting disease -is nothing more than a continuation of the scientific advances in therapeutic and diagnostic technologies of the last few decades.
PGx simply promises to continue that revolution on a level previously thought impossible -the genetic level. From a treatment approach, PGx uses biomarkers to identify the specific gene or genes responsible for variations in an individual's reaction to drugs. These biomarkers can speed the drug-development process and,
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Blockbuster model: prognosis? Full recovery unlikely
The question, then, is not whether to utilize these new PGx technologies, but to identify the optimal methods for incorporating them to increase consumer health, while achieving the most advantageous economic benefit. Much thought and many articles have been devoted to what mechanism will ultimately drive the Personalized Medicine revolution, with everything from the failing state of the healthcare system to economics, litigation and third-party payers being cited as possibilities. Furthermore, the use of PGx technologies has itself been implicated as a possible cause in the downfall of the blockbuster model.
However, in reality, the mechanism that is driving the revolution is infinitely more organic. It is the critically ill condition of the blockbuster model of pharmaceutical development itself that is the inherent mechanism driving the paradigm shift. The industry has been aware of the decline in the blockbuster model for some time, and is now scrambling to cultivate and embrace a new development paradigm to replace the model on which it built its fortunes. PGx is not contributing to the downfall of the paradigm; rather, it is merely rushing to fill the vacuum being created as the blockbuster model continues to falter.
The factors that have afflicted the health of the blockbuster model are numerous, but most notable are the dwindling product pipelines failing to keep pace with the loss of patent protection and the increasing costs of developing drugs, neither of which are likely to experience a turnaround. It is estimated that development costs to bring a new drug from research idea to a US FDA-approved treatment are approximately US$800 million [1] . Furthermore, only 9% of potential target compounds ever reach the stage of being included in a new drug application (NDA) to the FDA and, of potential drug candidates that gain approval in an NDA and advance to Phase I trials, only 21.5% are ever approved for market [2] . Efficacy and safety issues alone, which may ultimately be better addressed through PGx, cause the failure of 58% of drugs during development [2] .
The pharmaceutical industry has also taken note of the fact that, while it invests 94% of the industry-wide R&D, 70% of the drugs approved by the FDA come from the biotechnology market [3] . Further compounding the problem is the increasingly insistent push toward the use of generics by third-party payers. For the first time, in 2004, the number of prescriptions written for generics outnumbered the number of prescriptions written for name-brand drugs [3] .
Finally, the ill-health of the blockbuster model is unlikely to improve because the industry has already addressed the basic problems of modern health for which pharmaceuticals (Rx) applicable to broad-based populations and thus able to drive billion-dollar sales figures are available. With the present need for therapies able to treat and provide relief from more complex, multifactorial problems increasing, the blockbuster model of Rx therapies safely applicable to broad segments of the population is simply no longer viable. The industry is now facing an increasing tide of complex, chronic problems that are endemic to an aging society -diseases such as high cholesterol, heart disease and diabetes -as well as other complex problems such as infertility and obesity. While the blockbuster model may never completely expire, as the recent runaway successes of sleep aids such as Ambien ® and Lunesta™ have demonstrated, it is unlikely to be able to continue to support the industry on which it is based. Present PGx economic model Thus, PGx technologies are being seen as a way to revive the industry by decreasing development costs and providing better tailored therapies directed at patients for whom they will actually be efficacious. Pharmaceutical manufacturers are seeking the optimal means of incorporating PGx into the drug-development process and are looking for representative economic models that will predict the likelihood that the increased investment required today will translate into profits down the road. However, problematic is the fact that the economic analysis presently being undertaken is incomplete, thus providing a skewed picture of the balance of factors arising from incorporating PGx.
future science group future science group www.futuremedicine.com The present economic model typically only balances the costs of incorporating PGx technology against the potential benefits, thus providing an incomplete picture [4] . When considered in light of this simplified cost versus benefit analysis, incorporating PGx seems only to result in an evenly balanced economic scale, thereby providing the industry with little incentive to rapidly shift the paradigm. Furthermore, these variables are being weighted down by the industries greatest fear -that there is no possibility of sustaining the historic profit and growth picture of the industry with the use of PGx. This fear arises out of the notion that sales of a PGx product will only ever provide minimal return on an initially very high investment, and will never be able to supplant the blockbuster model (a billion dollars in sales) as it, by necessity, targets a smaller subpopulation of consumers. This, however, fails to consider the fact that approximately 50% of therapies prescribed today are actually ineffective, if not harmful, to patients taking them [5, 101] . This lack of efficacy and prevalence of ADRs often results in a rapid decline in patient compliance rather than the long-term dosing necessary for optimal results. It is highly likely that the use of PGx technologies will result in near-equivalent revenues owing to increased patient compliance over greater time horizons, as they provide more efficacious results to a more targeted population.
Including legal risk in the economic analysis
There is, however, another variable which should be included in this economic modeling -the risk inherent in incorporating PGx into drug development, as it pertains to potential legal liabilities. As the pharmaceutical industry considers the potential, both good and bad, of incorporating PGx into the drug-development process, it must consider its present litigation pressures as well as the possibility for further risk arising from the use of PGx strategies.
In the past decade, the pharmaceutical industry has been plagued with a landslide of product liability litigation resulting from a number of factors, including the rise of state laws easing the way for class actions, and increased postmarket ADRs leading to black-box warnings or recalls. Product-liability litigation currently costs the pharmaceutical industry billions of dollars per year, often representing upwards of ten-times any one individual company's research and development costs [102, 103] . The increased use of PGx technologies may well give rise to an initial further increase in the litigation the industry faces.
Costs of litigation: direct & indirect
The direct costs from these litigations are readily calculable and include the actual defense costs as well as eventual settlements or verdicts, decreased profits from reduced drug sales or a complete recall and reduced shareholder confidence resulting in depressed stock prices. However, it is the indirect, but very equally real costs of adverse media coverage that are more damaging to the industry as a whole. While the dollar costs relating to such coverage may be impossible to quantify, they are immediately obvious based on the volume of negative media articles painting the industry as 'Big Pharma' -corporations that put profits ahead of consumers and the bottom line ahead of patient safety [104] [105] [106] [107] . A 2005 survey demonstrated that a half of adults have unfavorable opinions of pharmaceutical companies, ranking them ahead of oil and tobacco companies in favorability, but behind many other groups such as hospitals, airlines and banks [107] .
The risks and pressures being brought to bear on the industry are only likely to increase as consumers become increasingly aware of their treatment options and continue to have an increased stake in their healthcare decisions. With the rise of directed media outlets and increased internet access, consumers are becoming better informed and seeking out greater amounts of information regarding their health and treatment options than ever before. At present, approximately 95 million Americans, or 79% of all internet users, regularly research information relating to their health online [6] . The use of PGx, a technology most consumers do not comprehend, and of which many are afraid, will only escalate this trend.
It is very likely that the pharmaceutical industry and treating physicians will eventually face legal liability arising from the use of PGx in drug development. As described more fully below, this liability will likely arise in the form of standard product liability litigation, medical malpractice actions and novel design defect theories. If sufficient time passes, liability may even arise from failing to utilize PGx strategies in drug development as the state of the art shifts.
Therefore, it is absolutely imperative that stakeholders not only consider the cost-benefit analysis of incorporating PGx, but also calculate the risk of entering this space. Only by considering all three
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Potential legal liabilities
Avoidance of PGx: short-term protection, long-term loss
Before we consider the potential legal liabilities of entering the Personalized Medicine space, we should consider the possible liabilities of not entering the space. Some companies, considering the cost-benefit analysis of incorporating PGx strategies into the drug-development process, may decide that the costs are not outweighed by the benefits, in spite of the ill health of the blockbuster model. Such companies may allow their competitors to forge ahead, test the waters and design the optimal methods for incorporating PGx strategies, with the intent to follow in their footsteps and learn from their successes and failures. It would appear that an added bonus of doing so would be to avoid any potential legal liabilities by simply 'opting out' of the present need to use PGx and continuing to follow the old paradigm.
There is, however, a finite limit on the time period that this strategy will afford any protection as the state of the art continues to move toward the use of genomic data in drug development. There has been a significant increase in PGx information included in labels over the past decade, and approximately 10% of all labels for currently approved drugs already contain PGx information [108] . Furthermore, the FDA is currently reviewing postmarketing surveillance data on a number of drugs, and has already asked manufacturers to retroactively create companion diagnostics where a genetic component to the ADR is apparent. This retroactive 'fix' may well become the basis for litigation, alleging that the manufacturers should have:
• Used PGx technologies in designing the drug • At minimum, brought the drug to market with a warning
• Provided the necessary companion diagnostic to identify the specific polymorphism
Manufacturers choosing to opt out may only be delaying the inevitable and find themselves sitting back on their heels if the courts find that the state of the art has changed more rapidly than they anticipated. For a time, manufacturers may be able to avail themselves of the 'state of art' defense with respect to design defect claims, which only holds them accountable for those things that are 'reasonably scientifically knowable at the time of manufacture'. This defense, however, is limited to design defect claims and is unlikely to provide safety in a failure to warn claim.
Manufacturers considering both the cost-benefit analysis, as well as the risks and how to properly mitigate them, will anticipate potential legal liabilities and undertake steps to incorporate PGx throughout the lifecycle of drug development. Much is to be gained from the use of PGx strategies if incorporated through the lifecycle of the drug. By utilizing biomarkers to streamline clinical trials and bringing the drug to market with a specific warning and a companion diagnostic, forward thinking manufacturers will be ahead of the need for FDA-requested retrofits, potentially avoid some of the legal liabilities and realize a positive gain on their investment.
Legal basis of liability
There are risks inherent in the use of all pharmaceuticals. The law balances the inherent risks of a drug against its utility to determine whether the dangers are outweighed by the benefits and whether the drug should be allowed to stay on the market [7] . Unfortunately, the public to whom these drugs are prescribed are typically unaware of this risk-benefit analysis, believing instead that pharmaceutical products, when FDA approved, are completely safe. When these expectations are inevitably not met, such as when postmarket surveillance begins to reveal ADRs that failed to present in smaller clinicaltrial groups, public confidence falters in both the industry and the government agency tasked with regulating the industry -the FDA.
The inevitable consequence is litigation that seeks to recompense both the consumer's injuries and to punish the industry for actions undertaken without malice or intent to harm. The legal liability that will follow from the use of PGx strategies will most likely center on failure to warn claims, although some novel arguments may also be put forth and tested. The severity of the risk depends largely on the steps that manufacturers undertake in incorporating PGx strategies and whether they implement those strategies throughout the drug-development lifecycle, or future science group future science group www.futuremedicine.com only in part. The relative degree of risk, therefore, is a continuum depending on whether manufacturers use long-term, forward thinking strategies or simply seek to utilize PGx on an ad hoc basis. The relative degree of risk will depend upon a number of factors, including: whether PGx strategies are used solely in the development process; are used to exclude participation from clinical trials based on specific polymorphisms; whether there are warnings included in the label and if these are general or specific to the polymorphism at risk; and whether or not means are provided to identify whether individuals carry that polymorphism.
The differing strategies that stakeholders may use in incorporating PGx strategies, and the potential legal claims that may flow from those decisions, are discussed below.
Product liability: failure to warn As noted above, certain products are considered inherently dangerous, but have sufficient utility that the danger is not considered unreasonable, nor does it make the product defective. Pharmaceuticals are included in the list of items that are considered inherently dangerous, but have sufficient utility that their dangers are outweighed [7] .
The inherent risks of pharmaceuticals are further mitigated by the use of warnings directed to the intended users of the product. Thus, a drug manufacturer has a duty to warn potential users, through the 'learned intermediary' or prescribing physician, of any reasonably known or knowable risks or dangers of the use of its manufactured drug [8] . Liability for failure to provide an adequate warning, which can be demonstrated by showing either a complete absence of a warning or that the warning provided was inadequate, is typically only imposed when the manufacturer has actual or constructive knowledge of the risks inherent in using the product. However, the use of PGx technologies in the drug-development process shifts back in time when such knowledge may be deemed to have arisen on the part of the manufacturer.
Stratification of clinical trials
One of the great promises of PGx is the ability to speed the drug-development process, making it more economical and enabling companies to get drugs to the market faster than is currently possible. As noted above, it presently costs approximately US$800 million to bring a drug from research idea to an FDA-approved treatment. In addition, it also typically takes 7-12 years to complete the full phase of animal and human clinical trials required by the FDA and, on average, an additional 12 months for the drug to be approved once the NDA is submitted to the FDA [109] .
Of those obligations, the clinical trials fully represent 20% of the overall costs in the drugdevelopment process. PGx strategies can radically reduce those costs by using genetic biomarkers and companion diagnostics to reduce the size of the trials, thereby making them smaller, faster and far more economical [9] . As noted by the CEO of one pharmaceutical company [4, Clinical-trial participants are already stratified based on certain parameters -age, disease and other comorbidities -by which they are included in, or excluded from, participation. Historically, researchers have discovered adverse reactions likely to occur through the use of a drug only as a concomitant to testing for safety and efficacy once the clinical trials have started. Furthermore, many ADRs do not arise until postmarket and have been used by a much broader and less well-defined group of patients.
However, PGx technologies provide drug manufacturers with a much more precise means to identify potential ADRs before testing in humans and to potentially streamline the clinical trials [11] . Through the use of genetic biomarkers and companion diagnostics, researchers are now able to better understand individual differences in an individual's ability to metabolize and tolerate drugs. By genotyping participants during the early stages of clinical trials, researchers are able to include in later trials only those likely to benefit from the drug and, more importantly, to exclude those likely to experience ADRs [9] . Biomarkers may now be used at the clinical-trial phase as one more parameter to separate participants into significantly more distinct groups -those likely to benefit from the drug; those likely to experience no reaction, positive or negative; and those likely to experience adverse events. This new technology, therefore, will allow researchers to run smaller, faster trials that provide greater evidence of the drug's efficacy, with probable evidence of fewer side effects.
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Duty to warn: arising earlier
While the use of PGx technologies will significantly reduce the costs of drug development through a reduction in clinical-trial scope, they also provide manufacturers with concrete, absolute data about exactly which individuals are likely to be injured by use of a drug. Through this new technology, knowledge on the manufacturer's part can be said to arise much earlier in the drug-approval process than under the current paradigm. This newfound ability to identify specific causation of harm before it occurs in the clinical trials or in the general populace results in a shifting back in time of the moment when constructive knowledge may be deemed to have arisen on the part of drug manufacturers [12] .
Thus, because a manufacturer has a duty to warn potential users of any reasonably known or knowable risks of the use of their drug, the use of companion diagnostics to stratify clinical trials would arguably give rise to a duty earlier in the development process to warn those individuals possessing the specific polymorphism that gives rise to the ADR or lack of efficacy. Although it is a widely accepted fact that more than 50% of the drugs prescribed today prove ineffective for the individuals taking them, to date, drug manufacturers have had no ready means to precisely identify such individuals. It is a vastly different issue, however, when the manufacturer has the means to identify those individuals back at the clinical-trial stage.
Based on this use of PGx, an individual who carries a polymorphism of the type that was excluded from the clinical trials could sue a drug manufacturer, alleging that it breached its duty to warn by marketing a drug for widespread use knowing, based on the manufacturers stratification of the clinical trials, that the drug was ineffective or harmful to a certain cohort.
Duty to warn: heavier burden
The ability to identify specific causation of harm before it occurs in the clinical trials or in the general populace not only shifts back in time when constructive knowledge may be deemed to have arisen on the part of drug manufacturers, but it may well also increase the burden for a more specific or targeted warning than is required at present.
The generalized warnings currently used in drug labels may no longer be deemed sufficient when PGx technologies have been used to identify and exclude individuals with specific polymorphisms. Courts considering the warnings included for drugs manufactured in this manner may well find them inadequate without information regarding the specific polymorphisms at danger of ADRs from the use of the drug.
Possible legal defenses
A manufacturer may have several defenses that it could put forth in this situation. However, the possibility of these arguments proving effective or providing a complete defense is unlikely, given the explicit evidence of the potential for harm for a specific polymorphism utilized at the clinicaltrial stage.
A manufacturer could argue that a warning, even a specific one, would have been meaningless without the means to identify if the individual carried the specific polymorphism [13] . This is a weak defense that is infrequently successful and could ultimately prove to undercut a manufacturer's ability to utilize PGx on an ad hoc basis. It would do so by lending support to the novel argument, discussed below, that drugs designed in this manner are defectively designed because they fail to provide the means to assess the risk-benefit profile of using the drug without a companion diagnostic.
Validation would be another possible defense available to a manufacturer, who could argue that the degree of evidence linking a particular genotype to an increased risk of an ADR was not sufficiently clear to merit a warning [13] . However, it is highly unlikely that a manufacturer would be allowed to have its cake and eat it too, as it were. If the evidence of possible ADRs was sufficiently valid to exclude individuals from participating in the clinical trials, it is unlikely that a manufacturer would be able to sustain a defense that a label warning was not merited.
In an effort to embrace every protection afforded them, manufacturers will also want to not shy away from including warnings about specific polymorphisms in the drug label. Manufacturers of drugs for which clinical trials have been stratified in this manner must give due consideration to labels submitted to the FDA for review, including information and warnings concerning the specific polymorphisms excluded from the clinical trials. Regardless of whether the FDA ultimately deems such warnings to be necessary, the prudent manufacturer will include them in its initial submission to better position its defense posture relating to possible future failure-to-warn claims. While there may or may not be a common-law duty to actually use this new technology, once a manufacturer decides to use it, particularly when it does so to stratify patient populations in future science group future science group www.futuremedicine.com clinical trials, the duty to warn will be affirmatively created, and properly worded labels will provide some protection [14] . However, even with a specific warning in place, a drug manufacturer may still incur some risk where it fails to provide the means to identify the individuals possessing the specific polymorphism.
Warning without diagnostic: design defect claims Based on the foregoing discussion, manufacturers may therefore consider incorporating PGx strategies more fully into the drug-development process and, where individuals are excluded from clinical trials based on a specific polymorphism, include a warning about the specific polymorphism in the label. In this way, the manufacturer will avoid standard product liability arguments and failure to warn claims.
Unfortunately, even undertaking this next step in the process may leave the manufacturer open to potential legal liability if the drug is brought to market without a companion diagnostic. As discussed above, a warning without the means to identify whether the patient has the specific polymorphism at issue, is in reality a meaningless warning. Although it is unclear at this point in time whether a court would find for or against a manufacturer, before any such claims have been brought, it is still a potential danger.
Furthermore, an individual who carries the genetic polymorphism that carries an increased risk of experiencing an ADR from the use of the drug could bring a lawsuit alleging that the drug is defective as designed, because it does not provide the means to test for the polymorphism. Such a claim alleges that the product that caused the injury was 'defective' and unreasonably dangerous. Pharmaceuticals have historically been held to a less strict standard for design defect, in recognition of the fact that manufacturers are unable to control the interaction of the drug in the body, which may cause harm. This lesser standard is reflected in the Restatement (Second) of Torts, still in place in many US states, which states that a manufacturer is not liable for design defect if the drug's benefits exceed its risks. To date, the entire premise of the drug-development and approval process has been a balancing of the benefits against the risks in which certain risks, the adverse side effects, are deemed acceptable depending on the degree of benefit of the drug.
Furthermore, there is a new standard for pharmaceutical design defect claims which, while not yet adopted by every state, has been suggested by some commentators to provide greater protection from design defect claims [13] . The Restatement (Third) of Torts states that a design defect claim can only be brought if a reasonable healthcare provider, balancing the foreseeable risks against the therapeutic benefits, would not prescribe the drug 'for any class of patients.' [15] . At first glance, it would appear that this would provide greater protection, allowing a manufacturer to argue that since the drug was safe for some patients, those without the polymorphism, it was not defectively designed [13] .
However, without the means to identify who amongst a group of patients possesses the specific polymorphism, there is no way to balance the risk:benefit ratio of such a drug to identify any class of patients. An individual could bring a claim against the manufacturer alleging the drug was defectively designed, not because it caused ADRs amongst certain populations, those with the specific polymorphism, but because there was no way to identify whether someone was in that group of patients in advance of prescribing the drug. Thus, without the means to avoid prescribing the drug to an individual likely to be injured, the drug potentially becomes inappropriate for all classes of patients.
In this situation, a manufacturer may be able to rely on the 'learned intermediary' defense, arguing that it discharged its duty to patients by providing warnings to the prescribing physicians [16] . The justification for the learned intermediary defense is grounded in the fact that consumers cannot buy prescription drugs directly [17] . Rather, they must first consult with and receive the approval of a physician. Therefore, by providing adequate warnings to a prescribing physician, who in turn provides appropriate patient-specific warnings, the manufacturer discharges its duty.
While the learned intermediary defense has proven useful in product liability actions to date, there are significant problems with using it in this context. In the situation described above, while the manufacturers have provided a warning to the treating physician, it is relatively meaningless without the means to identify individuals with the specific polymorphism.
Regardless of the relative strength or weakness of this defense, manufacturers have another issue in this context, which merits even greater consideration.
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Although both the pharmaceutical and Dx industries have historically traveled on parallel paths, bringing those paths on convergent courses will provide great benefits for both industries in this instance. Working in tandem with the Dx industry will provide pharmaceutical manufacturers a partner better versed in the intricacies and development of Dx tests and better able to provide needed guidance on such aspects. More importantly, such partnerships will provide an additional layer of protection to the pharmaceutical industry from potential future legal liability. By working with the Dx industry as early in the process as possible, pharmaceutical manufacturers will be creating concrete evidence of their awareness of their potentially increased duty to warn and, if such partnerships are forged sufficiently early in time, will capture the shift back in time of when their duty to warn arises as a result of their use of PGx technologies.
Furthermore, as part of the cost-benefit analysis discussed above, partnerships between pharmaceutical manufacturers and the Dx industry represent a further possibility for manufacturers to outsource some or all of their R&D requirements and further reduce the costs of entering into the PGx space. Diagnostic companies recognizing this potential and coming to the table as going concerns seeking out appropriate partnering opportunities with drug manufacturers have the opportunity to provide tremendous support to the industry.
On the other side of this partnership, the shift in the drug-development paradigm presents the Dx industry with the opportunity to elevate itself from a marginal player in the therapeutic spectrum to become a true partner in this new PGx venture. Historically, the Dx industry has emphasized a high-volume, low-cost business model that has limited its ability to truly expand into and capitalize on the healthcare space. Key stakeholders in the Dx space have the ability to capitalize on the risks of legal liability to the pharmaceutical manufacturers to alter that dynamic and to position themselves as necessary players by providing risk-management strategies.
Furthermore, the Dx industry will be able to link its products to the very powerful and effective pharmaceutical industry and avail itself of their skills and abilities. By partnering with large pharmaceutical manufacturers with established clinician networks and sales teams, the Dx industry can leverage that economy of scale to realize far greater return on investment than is possible as a stand-alone Dx company. Furthermore, as consideration is being given to the outdated diagnostic reimbursement scheme in the USA, the Dx companies would be wise to align themselves with a more influential side of the industry better able to encourage changes in that scheme. In doing so, the Dx industry will thereby alter the historic dynamic between the two industries and redefine their role in this new venture moving forward.
Working together to design and market a linked therapy and companion Dx, the two industries will thus be able to provide both guidance, increased market capitalization and protection to one another. Such a convergence of compatible but separate industries is not a case of first impression and will serve as the new working model moving forward. New and innovative partnership agreements will need to be crafted that consider and incorporate both the potential for increased risk and appropriate allocation of profit based on the strengths and protections that each side brings to the venture.
The combined impact of reducing the costs of entering the PGx space and providing management of possible legal liabilities will ultimately tip the presently level cost-benefit balance into the positive as the risks, or future legal liabilities that manufacturers face from not having a companion diagnostic, are reduced. Thus, the economic model, now fully developed to encompass not simply the immediate cost-benefit scale of entering the space, but also considering the future risks, truly demonstrates the potential return on investment to be gained by utilizing PGx technologies in the drug-development process. That return is very definitely tipping the scales into the positive.
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Other unique opportunities beyond the pharmaceutical manufacturer and Dx industry model may well present themselves as companies that orbit the industry become more aware of how it may be to their benefit to become involved. Pharmacy benefit managers, for example, have a business model wholly focused on the provision and management of pharmaceutical products coupled with vast amounts of historical data standing ready to be mined for potential patterns of ADRs and retrospective studies that could be used to gain approval for new companion Dx tests. These companies have the potential to become involved in the PGx process either by providing partnering opportunities to the Dx industry to provide needed data for clinical approval, or by potentially creating their own inhouse Dx capabilities and partnering directly with the pharmaceutical industry. This may well provide a pharmacy benefit manager with a revised business model that will allow them the opportunity to increase their return on investment while providing the means to control the costs within their own patient populations, thereby enabling them to capture both the savings and profits from doing so.
Conclusion
PGx promises to provide a new drug-development paradigm that will augment, if not ultimately replace, the traditional blockbuster model that has been in ill health for some years. Just like the risks that the industry currently faces in the traditional drug-development paradigm from product liability litigation and failure-to-warn claims, incorporating PGx strategies into the drug-development process also carries potential legal liabilities.
Current economic models under consideration are incomplete, however, thus providing a skewed picture of the gains to be achieved through the use of PGx strategies. Sole consideration of the cost-benefit analysis tends to indicate a clear lack of viable economic incentives to encourage key stakeholders into this market. However, with the added consideration of the potential legal risks, and the means to mitigate those risks for the benefit of both the diagnostic and pharmaceutical industry, the balance of factors clearly tips in favor of the use of PGx. Thus, the economic model, now fully developed to encompass not simply the immediate cost-benefit scale of entering the market, but also to consider the future risks, truly demonstrates the potential return on investment.
In order to capitalize on these potentials, effective partnering between the pharmaceutical and diagnostics industries should be considered and encouraged. The diagnostics industry has the opportunity to elevate itself from being a marginal player in the therapeutic spectrum, emphasizing a high-volume and low-cost business model, to become a true partner in this new PGx venture. Key stakeholders in the diagnostics space have the ability to capitalize on the risks of legal liability to the therapeutic manufacturers to provide needed protection and thereby alter the dynamic moving forward.
Furthermore, beyond the pharmaceutical and Dx industries, PGx technologies may well provide the perceptive pharmacy benefit management companies with the means to contain their spiraling costs, capture profits from PGx technologies and create an entirely new set of industry partnerships.
For those pharmaceutical manufacturers preferring to go it alone, consideration of the impacts and effects of incorporating PGx strategies into the drug-development paradigm must be undertaken throughout the lifecycle of drug development in order to best protect themselves from legal liabilities. The best way to limit this legal liability would be for the manufacturer of a drug where PGx strategies have been used to streamline and reduce the costs of R&D to bring that drug to market concurrently with the necessary companion diagnostic. Only by incorporating these strategies from conception to market will pharmaceutical manufacturers afford themselves any level of protection from the potential legal risks.
Future perspective
In the next 5-10 years, we will continue to see a slow and steady increase in manufacturers launching therapies developed with PGx technologies for targeted populations. In the immediate future, we will likely see an increase in cross-industry conversations about the most effective methods for doing so and, hopefully, an increasingly collaborative atmosphere between the pharmaceutical industry and the diagnostic industry. We may well also see some unexpected relationships between the pharmaceutical industry and pharmacy benefit managers and/or third-party payers, as those entities begin to truly understand the advantages of PGx technologies for their business models.
Of necessity, the pharmaceutical industry will also continue to reach out to the FDA to consider and try to craft an appropriate regulatory Personalized Medicine (2007) 4(3) future science group future science group framework for these new technologies. Furthermore, we may well see the beginnings of movement in the Centers for Medicare & Medicaid Services (CMS) reimbursement scheme to better reflect and compensate the newer state of the art in diagnostics.
As more and varied targeted therapies are launched, we are likely to see the beginnings of legal actions testing the boundaries of liability for failure to warn, design defect, genetic privacy and off-label issues. As industry becomes more comfortable with the use of PGx strategies, and as legal actions potentially begin to arise, the industries' focus will shift from present short-term legal problems (intellectual property and licensing) to the longer-range legal liability issues discussed here. Companies will increasingly incorporate Legal Risk Reviews into the planning process for targeted therapies to ensure they are considering and mitigating all potential legal risks at an appropriately early point in the process.
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Executive summary
• The compelling health benefits to be gained from the incorporation of pharmacogenomics into the drug-development process may not be realized because the current cost-benefit economic model does not provide a true calculation of the likely rewards of doing so.
• The critically ill condition of the old model of pharmaceutical development, the blockbuster model, is the inherent mechanism that is driving the paradigm shift to pharmacogenomics.
• Companies must consider the potential for pharmacogenomics to raise the risk of legal liability, especially if a patient suffers an adverse drug reaction from the use of a drug that should have been contraindicated based on the patient's genotype.
• While the potential legal liabilities seemingly put any ultimate economic benefits of entering the space at risk, it is possible to create partnering relationships that will actually tip the balance of the calculation of these three variables -costs, benefits and risks -into the positive.
• Avoiding the use of pharmacogenomics strategies will only provide limited protection as the state-of-the-art moves towards incorporation of these technologies.
• The use of pharmacogenomics should be undertaken throughout the lifecycle of drug development to reduce the legal risks, and not simply be used to reduce R&D costs.
• Using pharmacogenomic strategies in discrete segments of the drug-development process may lead to failure-to-warn claims and heavier burdens where clinical trials are stratified but the drug is not brought to market with a warning or contains a warning without the means to identify individuals with the specific polymorphism at risk.
• There are a number of possible defenses available to the drug manufacturer, but none are likely to offer a complete defense.
• The best defense is to utilize effective partnering opportunities with the diagnostic industry to ensure that pharmacogenomics strategies are incorporated throughout the lifecycle of a drug.
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